Summary. Fowl and turkey spermatozoa, when diluted in a glutamate-based medium and incubated at 40\s=deg\Cunder aerobic conditions showed a similar rate of oxygen utilization and maintained similar cellular ATP concentrations. Under anaerobic conditions, the glycolytic metabolism of fowl spermatozoa was sufficient to maintain a high ATP concentration, whilst turkey spermatozoa had a much lower glycolytic ability and their ATP levels fell rapidly. The maintenance of high sperm ATP concentrations was directly related to subsequent fertilizing ability of the spermatozoa. Diluted fowl semen showed good fertilizing ability ( > 70%) under aerobic conditions and under anaerobic conditions in the presence of 10 mM-glucose, but diluted turkey semen maintained good fertilizing ability only under aerobic conditions.
Introduction
Fowl and turkey spermatozoa differ metabolically in that turkey spermatozoa have a lower glycoly¬ tic ability (Mclndoe & Lake, 1973; Sexton, 1974) . However, despite the disparity in the time for which it is practicable to hold semen of these species at low temperatures above 0°C before artificial insemination, whilst maintaining fertility in excess of 90% (fowl, 24 h : Lake & Ravie, 1979 ;  turkey, 5 h: Lake & Stewart, 1978) , these metabolic differences have not been related to the energy status and fertilizing ability of the spermatozoa.
The present work correlates oxidative and glycolytic capacity with maintenance of ATP levels in and with fertilizing ability of fowl and turkey spermatozoa incubated in vitro at 40°C.
Materials and Methods

Animals and semen collection
The fowl hens were a commercial layer type and the semen donors were from a layer-type control strain obtained from Ross Poultry Ltd, Newbridge, Midlothian. The turkeys were of a medium-weight type obtained from British United Turkeys Ltd, Cheshire, England. All birds were kept in 14 h light/24 h and fed commercial breeders ration ad libitum.
The birds were kept in cages to allow collection of eggs from individual hens. Semen free from transparent fluid was collected from fowls (Lake, 1957) and turkeys (Lake & Stewart, 1978) . Semen samples from 12-14 birds were pooled and were transported to the laboratory within 10 min (fowl) or 20 min (turkey) of collection.
Numbers of spermatozoa were estimated using a Coulter counter (Lake & Ravie, 1979) or by relating DNA content (Burton, 1956 ) of samples to numbers of spermatozoa.
Incubation medium
In the absence of information on the micro-environment of spermatozoa in the utero-vaginal sperm-host glands of the female reproductive tract, an incubation medium with the ionic constitu¬ ents of fowl seminal plasma was chosen. The medium contained 1-0 mM-KH2P04; 10 mM-KCl; 5 mM-MgCl2; 20 mM-NaCl; 32-5 mM-NaOH; 100 mM-sodium glutamate and 67-5 mu-N,N-bis(2-hydroxyethyl)-2-aminoethane sulphonic acid. In this medium, concentrations of P043_, Cl~, Na+, K+ and Mg2+ were as reported by Lake (1971) (Strehler, 1974) in extracts made by plunging 0-2 ml aliquots of the incubation mixtures or of semen 'immediately' (3-4 sec) after ejaculation into an equal or greater volume of vigorously boiling water.
ADP in these extracts was measured as ATP after its conversion in a medium containing [0] [1] [2] [3] [4] [5] M-glycine pH 9-0 with 0-5 mM-MgS04, 7-5 mM-creatine phosphate and 14 U creatine phosphokinase/ml, and incubation for 10 min at 40°C.
AMP was also measured as ATP by converting initially to ADP with myokinase and then to ATP with phosphoenol-pyruvate and pyruvate kinase. To aid completion of these reactions, the pyruvate formed was reduced with lactate dehydrogenase. The AMP -> ATP conversion was achieved by incubation of boiled semen extracts for 20 min at 40°C in a medium containing : 50 mMglycine pH 7-5,0-5 mM-Mg2S04, 2-5 mM-phosphoenol-pyruvate, 0-5 mM-NADH, 25 ± 8-7(4) ± 9-9(9) ± 10-8(6) ± 9-0(6) ± 2-1(6) ± 5-1(6) 37-0 ± 2-5(4) 30-3 ± 4-8(9) 21-1 ± 4-6(6) 26-7 ± 3-3(6) 80-8 ± 16-9(6) 86-8 ± 13-7(6) (Text-fig. 3a ). Anaerobic incuba¬ tion conditions affected turkey spermatozoa even when glucose was present in the medium but fowl spermatozoa were affected only when incubated without glucose (Text-fig. 3b ). (Sexton, 1974) and aerobic (Mclndoe & Lake, 1973; Sexton, 1974 ) glycolysis than do turkey spermatozoa, although the Pasteur effect with spermatozoa of both species (Text- fig. lc ) and the increase in oxygen uptake of only turkey spermatozoa when glucose is added (Text- fig. la) have not been noted before. The present results show that certain aspects of the metabolism of fowl and turkey spermatozoa are remarkably similar. Thus, their rates of oxygen consumption when glucose is omitted from the medium are equivalent (Text- fig. la ), as are their levels of ATP, ADP and AMP, whether from samples freshly ejaculated or incubated aerobically or anaerobically without glucose (Table 1) . However, there are differences in their metabolism of glucose because fowl spermatozoa are glycolytically active at a rate sufficient to maintain ATP levels, whereas turkey spermatozoa use glucose significantly only under aerobic conditions, presumably by oxi¬ dizing derived metabolites. Fowl spermatozoa contain 20 times more lactate dehydrogenase activity than do turkey spermatozoa (Mclndoe & Lake, 1973) and this may be the reason for the observed metabolic differences.
Another difference in glycolytic metabolism between turkey and fowl spermatozoa is suggested by the present results. During anaerobic or aerobic incubation for 1 h with 10 mM-glucose, the rate of lactate production by fowl spermatozoa falls considerably short of that expected from their glucose utilization (Text- fig. 1 ). This may be predicted since glucose is apparently metabolized to fructose by fowl spermatozoa (Lorenz, 1958) (Text-fig. 2 ). This is in marked disagreement with the previous reports of 5-5 µg (Brackett & Williams, 1967) , 5 µg (Mclndoe & Lake, 1969 ) and 2-5 µg (Howarth, 1978) per 109 fowl spermatozoa. However, Brackett & Williams (1967) were unclear about the energy status of the spermatozoa used and Mclndoe & Lake (1969) and Howarth (1978) used an NADH-linked u.v. assay for ATP measurement in acid extracts of the spermatozoa; I have found this procedure unsatisfactory for the small amounts of ATP in such samples.
The fertilizability of fowl and turkey spermatozoa during incubation at 40°C, at the times chosen in Text- fig. 3 and for several environmental conditions, exactly parallels their ability to maintain ATP levels (Text- fig. 2 ). When fowl and turkey semen samples are stored diluted in tubes at 5-10°C, as is normal practice, they utilize oxygen at a rate greater than can be replenished by simple diffusion and soon become anaerobic (Wishart, 1981) . It may then be predicted from the present results that fowl spermatozoa under such anaerobic conditions could produce sufficient ATP by glycolysis but that turkey spermatozoa could not. Aeration of semen during storage does produce considerable increases in the fertilizing ability of stored turkey semen and therefore in the length of time that turkey semen may be stored before artificial insemination (Wishart, 1981) .
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